An oscillating water column wave energy system consists of a barrier (front wall), a wave turbine, an electric generator and an air chamber (air column). The parts of a system must be improved to increase efficiency of the system in general. The dimensions of the air chamber affect directly the efficiency of the system because the conversion of the wave power into the air movement is realized here, thus the wave parameters are important. One of the characteristic parameters for waves is their amplitude. In this study, the system is simulated in 2D and solved numerically to see the effect of water wave amplitude on the efficiency of energy system. In the design of this system the barrier length is constant. The numerical modelling involves computational fluid dynamics analysis and optimization of the oscillating water column. The Navier-Stokes equations and the continuity equation are numerically solved based on the finite volume method using the commercial ANSYS Fluent code. In the numerical model the flow is assumed to be inviscid, unsteady, and incompressible. The efficiency of oscillating water column system is first increased up to 67% and then decreases to 50% with the increase of the wave amplitude.
Introduction
As a renewable energy source, wave energy has many advantages, such as having the highest energy density among the renewable energy sources and minimal negative effect on environment [1] [2] [3] . Due to these advantages, wave energy is being used more in the recent years. Wave energy can be converted into electricity by wave energy converters which are generally known as wave turbines.
Wave turbines are classified in three main groups: wave energy systems that are using shape-shifting movement of the body or body movement, systems using the water pressure and systems using the air pressure for producing electrical energy. The oscillating water column (OWC) wave energy converter is the third type system, which uses the air pressure. It is the most extensively studied type of converters [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The schematic representation of the system is shown in Fig. 1 .
The efficiency of an OWC wave energy converter depends on the barrier (front wall), the wave turbine, the electric generator, the air chamber (air column), and wave parameters (wave length and wave amplitude). In this study, the effect of the wave amplitude on the OWC wave turbine efficiency is investigated and optimum wave amplitude is determined. For this aim, water waves are modeled using the CFD software, ANSYS Fluent. It is assumed that the length of the generated wave is 1 m and * corresponding author; e-mail: gokhan.ozdamar@ege.edu.tr value of the height of the wave is varied between 0.002 m and 0.008 m. The wave tank has length of 10 m and height of 6 m. 
Problem definition and theoretical solution
In this study, a two-dimensional boundary value problem is considered to find the efficiency of the wave turbine using ANSYS Fluent. ANSYS Fluent is a commercial software which solves the continuity and momentum (Navier-Stokes) equations based on the finite volume method.
Here V , p, ν, g are velocity, pressure, kinematic viscosity of the water and the gravity respectively [15] . Efficiency of a wave energy converter can be calculated by the following equation:
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where P flow and P wave are power of water flow and wave power, respectively [16] . P flow and P wave are given in the Eq. (4) and Eq. (5), respectively.
where d is water depth, H is wave height, ρ a is air density (1.23 kg/m 3 ), ρ w is water density (1000 kg/m 3 ), g is the gravitational acceleration (9.81 m/s 2 ), A is the cross section area of the chamber along streamwise direction, C is horizontal wave velocity and V is the vertical air velocity in air chamber.
The numerical modelling involves CFD analysis of the OWC optimization. The Navier-Stokes equations were solved numerically based on the finite volume method using commercial code, ANSYS Fluent. In the numerical model the flow was assumed to be inviscid, unsteady and incompressible. Water waves, with the wave length of 1 m, were modeled in a numerical wave tank, where ANSYS Fluent dynamic mesh feature and the volume of fluid (VOF) model were used. To simulate numerically the wave in a wave tank, a piston-type wave maker was used and controlled waves with the desired amplitude and frequency were created by hooking a user defined function. Generated wave with desired amplitude and frequency is given in Fig. 3 . As seen in Fig. 3 , the wave amplitude is 0.006 m and wave period is 0.8 s. A wave that has a period of 0.8 s should pass the point, located 4 m from the left, in 3.2 s. As understood from Fig. 3 , wave has occurred after 4.8 s and approximately after about 10 s it reaches the desired form.
The average velocities in the air chamber during the wave period and the efficiencies for each wave amplitude are numerically calculated and are given in Table I . 
Results and conclusions
As seen in the Table I and Fig. 4 , the efficiency of OWC system is first increases up to 67% and then decreases to 50% with the increasing wave amplitude. The maximum efficiency for the given system occurs at wave amplitude of 0.006 m, with the maximum value of 67%. The investigated wave turbine can be used in conditions with wave amplitude of 2 mm (min. efficiency) or 6 mm (max. efficiency). It is obvious that the turbine can produce more energy if it runs in wave conditions with 6 mm amplitude. Over 25 years of life, if the turbine works under these conditions, the achieved energy gain will be very high. As a conclusion, it is found that selecting the wave turbine parameters according to the wave amplitude is very important. 
